In Table 2, measured 87 Sr/ 86 Sr values are reported to five places and are routinely measured precisely to ± 2 in the fifth place, whereas initial 87 Sr/ 86 Sr values are reported to four aces. The initial strontium isotopic values of single plutonic rock samples are probably accurate to only ± 5 in the fourth place; either because of possible variability observed in multiple samples from plutons, or also because of lack of precise ages used to calculate these values in some samples. An assigned age of 100 Ma was used to calculate initial values for those specimens without any age control by either U-Pb zircon dates or Rb-Sr wholerock isochron dates. Ages followed by "Z" or by "R" ( Sr values reported for whole-rocks, and whole-rock Rb-Sr isochron ages reported in Table  2 were calculated using the decay constant for rubidium from Steiger and Jager (1977) and the ISOPLOT program of Ludwig (1999) .
Oxygen was extracted from whole-rock samples by the BrF 5 method (Clayton and Mayeda, 1963) or by ClF 3 method (Bothwick and Harmon (1982) in nickel bombs at 550 o C and converted to CO 2 by ass spectrometer. Extractions and analyses of oxygen were done in the USGS stab isotope laboratory in Menlo Park, California. All of the δ 18 O-values reported in Table 3 were analyzed in duplicate with reproducibility of δ 18 O of ± 0.15 permil or better relative to the SMOW standard.
Pb isotope compositions (Table 3) were determined in the laboratory at the U.S. Geological Survey in Menlo Park for aliquots of the same whole-rock powders used for Rb, Sr, and δ 18 O determinations. Pb was separated from the whole-rock powder using standard ani exchange processes uusing HBr and HCl. Pb isotopic composition on s were determined in staticollection mode on a MAT 262 mass spectrometer. Thermal fractionation is monitored by running NBS-981 and -982 standards. The empirically determined fractionation correction factor c is 0.0011 per mass unit and its uncertainty is the largest contribution to the total analytical uncertainty of about 0.1% associated with the Pb isotopic ratios. whole-rock samples have a higher uncertainty than those measured in feldspar mineral separates. This is because of the analytical uncertainties associated with the U and Th concentrations, and the susceptibility of medium-and coarse-grained granitic rocks to loss of U in surficial weathering environments. The most common error in initial Pb ratios calculated from wholerock powders is for the present-day 206 Pb/ 204 Pb values to be under-corrected because the measured U concentration is too low as a result of U-loss during weathering. The Sr (Sri) values, and known or estimated ages for all available sample powders are given in Table 2 . Sri values of each specim . tain e of Larsen (1948) , whereas 4lv represents a Sri is in the range 0.7040-0.7049 and the rock is e s range from 2.3 to 6.9 and the lower values probably identify rocks altered by a cell of low O meteoric hydrothermal water. Taylor and Silver (1978 nsenada, aja Californ atholi r o tope and >9.0 permil, th kness (depth to Moho, e en are shown on a map of their locations in Figure 3 . Sample location symbols are the same as those in Figure 2 , and each location has a number that represents the last or least significant digit of the Sri of the granitic rock from that locality, when truncated at 3 significant digits. About half of the locations have a Sri value followed by letters that represent the name of a mapped pluton at that location. The abbreviated names are identified in Table 2 and Figure 3 The numbers at each location represent the 3rd place of the Sri value calculated for each sample. For example 3wm represents Sri in the range 0.7030-0.7039 and the rock is Woodson Moun granodiorit Lakeview Mountain tonalite of Dudley (1935) .
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ISOTOPIC DATA
Oxygen isotope values (as ∂ 18 O) determined for about one-third of the samples availabl are given in Table 3 and plotted on Figure 4 . Measured values range from 2.3 to 12.8 per mil and most represent primary, magmatic values for these specimens. However, in the southern part of the Santa Ana block (Figure 4) Pb values for plutons in the northern Peninsular Ranges batholith are given in Table 3 Taylor and Silver (1978) identified a remarkably straight northerly trending boundary marked by a step between ∂
STRONTIUM AND OXYGEN ISOTOPE BOUNDARIES

18
O values less than 8.5 permil to the west and greater than 9.0 permil to the east in plutonic rocks of the Peninsular Ranges batholith from southern California into Baja California. The northerly trending dashed line in Figure 4 shows the oxygen iso boundary between the western and eastern Peninsular Ranges batholith (δ 18 O<9.0 respectively) identified by our data in this area. This isotopic boundary lies within a major geologic boundary identified by Larsen, (1948) and Gastil (1975) that divides the batholi into western, epizonal to mesozonal granitic rocks and abundant gabbros from eastern, more deep-seated granitic rocks and few gabbros. It also lies within a diffuse geophysical boundary identified by Bouger gravity (Oliver, 1980) , isostatic residual gravity (Roberts and others, 1990) , aeromagnetic anomalies (Jachens and others, 1991), regional crustal thic Lewis and others, 2000) , crustal seismic velocities (Hauksson, 2000) , and p-wave velocity imag (Magistrale and Saunders, 1995) . Defined bt these parameters, this boundary divides the Peninsular Ranges batholith into eastern (EPRB) and western segments (WPRB).
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Early and Silver (1973) and Kistler and others (1973) Figure 6 ). The eastern exposures of reported a detailed study of strontium isotopic heterogeneity in the San Jacinto pluton in the San Jacinto block (Figure 1 ) of the batholith. Gromet and Silver (1987) drew isopleths (0.704, 0.706) along the length of the northern 600 km of the batholith. Kistler and Morton (1994) and Morton and Kistler (1997) gave preliminary discussio of Sri of specimens collected by Baird and others (1979) between 33 and 34 degrees North Latitude (Figure 3 ) that provide the most detailed pattern of variation in Sri for granitic rocks in any part of the Peninsular Ranges batholith. Their results are summarized and shown by Sri isopleths along with the oxygen isotope boundary from Figure 4 on the outline map of granitic rock exposures on Figure 6 .
Plutons in the Santa Ana block have a simple Sri pattern (Figure 3 ). The data define t 0.704 isopleths (Figure 6 ). A northern isopleth trends SW-NE and separates the Woodson Mountain granodiorite of Larsen (1948) from the Roblar leucogranite of Larsen (1948) and the Santa Rosa, Squaw Mountain, and Hot Springs Canyon pluto n th trends N-S and is the boundary between Woodson Mountain granodiorite, La Wolford granodiorite, and Bonsall tonalite to the west, and the Ramona ring complex (Merriam, 1941) and related outliers to the east (Figure 3 ). This Sri isopleth is parallel to, but about 10 kilometers west of the 9.0 δ 18 O isopleth in the area. Together, these northerly trending isotopi boundaries lie within the diffuse northwest trending boundary recognized along the length of southern and Baja California th. The diffuse boundary between magnetite-series and ilmenite-series granitic rocks (Diamond and others, 1985, Gastil, 1990 ) also coincides with the geological and geophysical separation of western from eastern plutons of the batholith.
The sinuous eastern limit of plutons sampled by Baird and others (1979) in the Santa Ana block (figure 6) is the western margin of the granodiorite of Cuyamaca Reservo intrusive unit that is interlayered with prebatholithic schist (Todd and Shaw, 1985) . Todd and Shaw (1985) report Sri values from 0.7079 to 0.7098 and ∂ 18 O rmil for this pluton and classify it as a S-type granitoid. This boundary marks their I-S line in the Santa Ana block.
Plutons in the Perris block have a more complex and greater range of Sri than shown by our data in the Santa Ana block (Figure 6 ). Most of the values fall between re scattered values of some isolated samples from 0.706 to as high as 0.713 ( Figure 3 ). The 0.704 isopleth (Figure 6 ) is north trending and located about 10 km west of the 9 18 isopleth. However, to the north of the Hot Springs fault zone, where it meets the tectonic boundary of Morton and Gray (2002) , the 0.704 isopleth turns to the west across the northern part of the block until it is truncated by the Elsinore fault zone.
A 0.705 isopleth trends south from the San Jacinto fault zone to the right angle bend in the 0.704 isopleth and then trends southeast to the Hot Springs fault zone. Here, the fault zone the 0.705 isopleth. A second 0.705 isopleth is parallel to the San Jacinto fault zone and extend from the Box Springs pluton southeast to the 12/31/03the granodiorite of Pinyon Ridge, is the Borrego Springs shear-zone section of the Peninsu Ranges Mylonite Zone (Figure 1 , Simpson, 1984) . Field evidence indicates this segment of the mylonite zone is a post-mid-Cretaceous west directed thrust (Simpson, 1984) complicated by Miocene detachment faulting (Engel and Schultejann, 1984) , and the granodiorite of Pinyon lar Ridge is below the thrust and detachments. The San Jacinto block lies between the San Andreas and San Jacinto Fault zones ( Figure  1 ). Rather than a single fault, the San Jacinto fault zone is defined by a number of segments (Sanders and Magistrale, 1997) . With a few exceptions, Sri in plutons of the San Jacinto block are >0.706 and isotopic boundaries are very complex. The San Jacinto fault zone is more a diffuse boundary than an isopleth that separates plutons with Sri>0.706 from those with Sri<0.706. Hill and Silver (1988) and Hill and others (1986) reported results of detailed studies of Sri and oxygen isotopes, respectively, in the composite San Jacinto pluton and other plutons in 
ISOTOPE VARIATIONS AND PLUTON SOURCE MATERIALS
Isotopic compositions of granitic plutons in the Northern Peninsular Ranges batholith are variable and a function of geographic position and not of rock composition. This requires that the isotopic variations observed are source related and are not due to processes like magmatic fractional crystallization or wall rock contamination.
A plot of Sri vs ∂
18
O ( Figure 7 ) for plutons in the northern Peninsular ranges batholith shows a west to east increase and a broad, generally positive correlation of both isotope ratios. Plutons in the Santa Ana and Perris blocks with Sri<0.704 and δ 18 O< 9.0 permil probably were derived from tholeitic sources, whereas those with Sri ≥0.704 <0.706 and δ 18 O < 9.0 permil probably were derived from more alkalic and silicic sources. Perris block plutons with Sri ≥0. 704 <0.706 and δ 18 O ≥9.0 permil (EPRB) pose a source material problem, here, and in the entire EPRB (Taylor, 1986) . Taylor concluded partial melting of eclogite-facies altered basaltic material mixed with a sedimentary component like the Franciscan formation can account for the strontium and oxygen isotopic characteristics of the magmas that formed these plutons. Our data are compatible with his conclusion. In the Perris block, the two specimens with Sri > 0.706 and δ
O=12.3 permil are isotopically similar to San Jacinto block plutons below the mylonite zone. One isolated specimen (B406) may have an entirely sedimentary rock source ( Sri=0.713, δ 18 O=18 permil, Figure 7 ). Plutons in the San Jacinto block have Sri >0.705<0.709 and δ 18 O >8.0<13.0 permil. Most of the data define a broad field that overlaps and forms a continuum with the EPRB Perris block data and indicates a similar source but with a larger proportion of sedimentary materials to account for the more radiogenic Sri and heavier δ 18 O. However, eleven specimens plot away from the main array and cluster about Sri=0.708±0.0005 and δ 18 O=8.5±0.5 permil (figure 7). All, but one of these specimens are from above (to the east of) the Peninsular Ranges mylonite zone and have a source that probably is crystalline continental lithosphere material. Pb, respectively. Both strontium and lead isotopes for specimens from the Santa Ana and Perris blocks field A are compatible with a tholeiitic source material for these plutons. All but one sam inside the 0.704 isopleth on Figure 6 and are in the WPRB. Gabbro sample B393 (Table 3) is in the Perris block in the EPRB.
Samples in field B are from are from the Santa Ana and Perris blocks and the data can be subdivided into two fields. One of these, with specimens from both blocks, has Sri ≥0.704<0. and Perris block specimens B450, B454, B372, and B407 that plot in or just outside of field C, Figure 9 , all have lead, strontium and oxygen isotopic values like plutons below the myl zone in the San Jacinto block. Specimen B407 in the Perris block and specimen B325 in the Jacinto block, west and east of the Coyote Creek segment of the San Jacinto fault zone ( Figure  2 ), respectively, have similar Rb and Sr concentrations and identical Sri. The geologic map ation (Rogers, 1965) shows continuous granitic rock outcrops between these two specimens that are not separated by a fault. However, in the proximity of these two specimens, arcuate traces of shallowly dipping faults cut the granitic rocks and define the traces of both Coyote Creek and Clark segments of the San Jacinto fault zone. Specimen B407 may be part of the San Jacinto block in thrust contact over the Perris block. Ramona Bowl pluton specimen B372 in the Perris block is just west of the Casa Loma segment of the San Jacinto fault zone. It too may be a San Jacinto block pluton on the Perris block side of the San Jacinto fault zone.
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RUBIDIUM-STRONTIUM WHOLE-ROCK AGES
On his geologic map of the "Batholith and associated rocks of the Corona, Elsinore, and San Luis Rey quadrangles, southern California", Larsen (1948) assigned names to plutons based on outcrop characteristics such as grain-size, inclusion content, color, and relative abundances o different minerals. Several of these named units occur as discrete plutons over large areas of up to 250 square miles. Comparison of the locations of granitic rock samples collected by Baird and his colleagues to this map permits their assignment to these plutons. In the Santa Ana block, between 33º and 33º30´ N. Lat., all Rb-Sr whole-rock data from three of these named units, Bonsall Tonalite, Woodson Mountain Granodiorite, and Green Valley Tonalite were plotted on strontium evolution diagrams (Figures 10, 11, and 12, respectively (Table 2) . 5 N.
holith out 120
x does not permit the use of Rb-Sr whole-rock data as a geochronometer for these rocks.
In the Perris block, exposed between the Elsinore and Hot Springs fault zones north of Lake Henshaw, nine adjacent samples (B401, B404, B410-416) of quartz diorite, granodiorite, and quartz monzonite have strontium isotopic data ( Table 2 ) that yield a Rb-Sr whole-rock isochron age of 153±14 Ma, Sri=0.7040±0.0002 ( Figure 13 ). However, plots of Sri at 100 Ma vs 1/Sr and Sri vs δ 18 O for these specimens are linear with R 2 =0.83 and 0.94, respectively. Thes linear plots indicate that the isochron is a mixing line (Faure and others, 1974; Kistler and other 1986) . However, some credibility is given to the apparent Late Jurassic age because it is simila to a multiple fraction, conventional U-Pb zircon age (156±12 Ma) for a gneiss in the CuyamacaLaguna Mountains shear zone (e.g. Figure3) south of the Elsinore fault zone (Walawender an others, 1991). Additional dating of plutons in this area by both U-Pb and Rb-Sr techniques are required to establish these ages with certainty.
North of 33º30´ N. Lat. in the northern Perris block, L on Mountain Granodiorite to a large pluton called the Cajalco quartz monzonite by Dudley (1935) . The Cajalco pluton is 108 Ma by U-Pb zircon dating (Premo and others, 199 and 109±4 Ma by Rb-Sr whole rock dating ( Figure 14) .
A large pluton to the west of Val Verde in the Perri en (1948), was renamed the Val Verde tonalite by Morton (1999) . In contrast to the g agreement of ages by the two dating techniques for the Cajalco pluton, the U-Pb zircon date i 106 Ma (Premo and others, 1997) whereas the Rb-Sr whole-rock date is 129±18 Ma (Table 2, Figure 15 ). We accept the U-Pb zircon date as the correct age for this pluton. Even though the data that define the isochron for this body are analytically precise (MSWD=0.30), the 87 
Rb/
86 Sr values only range from about 0.3 to 1.14. A small increase of about 3 in the fourth place in measured 87 Sr/ 86 Sr for the most radiogenic sample could account for the older apparent age. Sri values for the Val Verde samples, calculated for an age of 106 Ma, range from 0.7045 to 0.7048 (Table 2 ). The calculated Sri=0.7048 is for the specimen with 87 Rb/ 86 Sr=1.14. The 87 Rb/ 86 Sr for the Cajalco pluton samples range from 0.049 to 5.5. Small variation Sri for the most radiogenic specimens would not have a large effect on the slope of the is and the isochron age is the same as the U-Pb zircon age. In the few other plutons with both Rb-S whole-rock and U-Pb zircon dates sampled in this study, the ages agree for the Box Springs and Lakeview Mountains plutons but differ for the Wils Silver and others (1979) report U-Pb zircon ages that range from about 120 Ma to 10 Ma for 12 plutons in a traverse across the western Peninsular Ranges batholith south of 33º Lat. near the international border. Our Rb-Sr whole-rock ages for the Bonsall tonalite, Green Valley tonalite, and Woodson Mountain granodiorite in the western Peninsular ranges bat to the north of their traverse and south of 33º30´ N. Lat. have the same range in age. This concordance of ages by the two methods suggests the plutons were emplaced between ab and 105 Ma.
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SUMMARY AND DISCUSSION
The primary purpose of this report is to make available the considerable isotopic data determined for granitic rock samples collected by Baird and others (1979) from the northern sular Ranges batholith in the laboratories of the USGS in Menlo Park, California (Tables 1,  2, 3) . We point out some interesting features, some relatively new and others possibly at odd with conclusions based on other studies in the batholith, that are revealed by these data.
The data of this report permit a comparison of Rb-Sr whole-rock ages with U-Pb zir ages for some of the plutons mapped in the northern Peninsular Ranges batholith. The data confirm the observation that dating by multiple techniques on the same samples is the most reliable way to determine the meaning (emplacement, reset, contaminated, inherited) of an age for a Mesozoic pluton in a complex batholith terrane (e.g. Kistler and Wooden, 1994; Kistler an pion, 2001 (Figure 6 ).
use of this, some details are revealed along the well documented, but diffuse, geophysical eological boundary between the EP A Sri=0.704 isopleth trends north in the Santa Ana and Perris blocks and marks the genic isotopic boundary between the EPRB and WPRB. Here the Sri=0.704 isopleth is el to and within the geophysical and geologic west of the boundary between plutons with δ 18 O < 9.0 and ≥ 9.0 step (Figures 4, 6 ) that is also in ain PRB boundary zone. However, in the middle of the Perris block, the Sri=0.704 isople ges to the west and is truncated at the Elsinore fault Sri=0.704 isopleth, also truncated by the Elsinore fault zone, is in the northern part of the Santa lock. By observation (Figure 6 ), these west-trending Sri=0.704 isopleths are offset about in a left lateral sense across the Elsinore isopleths are offset about 10 km and 7 km in a left lateral sense across the Elsinore and H gs fault zones, respectively. Restoration of left lateral offsets of the west-trending the Hot Springs and Elsinore fault zones suggests the west-trending Sri=0.704 isopleth images ansform crustal boundary fault in the WPRB. In the Perris block there are thre values that are like those in plutons below the Peninsular Ranges mylonite zone in the San to block (Figures 7, 8, 9) . These three plutons and plutons in the San Jacinto block east of an Jacinto fault zone all have Sri greater than 0.706, with a few isolated exceptions, ding a Sri=0.705 pluton between the C San Jacinto fault zone exclusive of the Coyote Creek fault segment can be considered a .706 isopleth that marks a major discontinuity in the isotopic composition of source rials of plutons in the northern Peninsular Ranges batholith. This observation is compatible the model for the petrochemical nature of source materials of batholithic rock with s of south California (Baird and Miesch, 1984) that identified a discontinuity in source compositions ximately coincident with the San Jacinto fault zone. They interpreted the fault as the rn limit of significant contributions of sialic continental material weste s to the batholithic rocks. In the area of our study, the strontium and oxygen isotopic characteristics of the plut EPRB are the same as those of plutons intruded into Panthalassan lithosphere (Kistler, ) Peterman (1973) . This is supported by the absence of direct remnants of Proterozoic sialic lline basement found in exposures of mid-crustal levels of the batholith (8kbar) in
In the area of our present study, δ 18 O >9.0 per mil and petrochemical source models (Baird ch, 1984) indicate that in the EPRB the increase in Sri from 0.704 to 0.708 probably on sents a change from mafic (Franciscan) to felsic (continental) derived sedim change is sediment composition is marked by the most radiogenic plutons (Sri>0.706) like t n the Perris block and all those west of th Hill and others (1986) (Hill and others, 1986) . They suggest rock with these isotopic characteristics could be old (>1Ga) material saltic composition. However, most of the data of ba that trend toward the old basaltic end member are from rocks east of the Peninsular Ranges mylonite zone and are probably exotic t eninsular Ranges batholith and not relevant to models of source materials of the batholith Right lateral offset of 10-15 km along the main trace of the Elsinore fault zone is indicated by displaced contours of biotite K-Ar cooling ages of plutons on either side of th ton and Miller, 1987, inset figure in Morton and Gray, 2002) . This is a contradic (Mor tion to the 17 km of left lateral displacement along the fault indicated by offset of the west-trending .704 isopleth discussed above. A possible resolution of the apparently conflicting di placement along the Elsinore fault follows. of dis
In regional studies of granitic rock terranes, undisturbed isotopic boundaries (e.g., Sri or isopleths) represent the lines of intersections of steeply dipping surfaces such as pluton contacts with the surface exposure. Although these may be tilted or rotated during subsequent deformation, unless translated laterally by "thin-skinned" tectonic processes (e.g., detachment ng), isotopic boundaries commonly occur nearly vertically above the differences in igneo presen source regions they represent. Conversely, undisturbed regional cooling-age contours re the intersections of originally shallow-dipping, commonly isothermal surfaces, sub-parallel t 's surface (in this case, the time rocks cooled to the closure temperature of biotite for argon). The critical age contour (108 Ma) used to determine the right lateral separation across the Elsinore fault zone (Morton and Miller, 1987) is adjacent and parallel to the fault for about 5 km, dipping shallowly southwest in the Perris block north and east of the fault. Within the Santa Ana block, southwest of the elsinore, the 108 Ma age contour dips more steeply west and strikes he fault trace at an angle of forty degrees (Morton and Gray, 2002) . Clearly, the origin sub-horizontal isohermal surface represented by the 108 Ma contour has been warped, tilted, possibly rotated during much more recent deformation, some of which may be due to faulting the Elsinore fault itself. 
